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X - R A Y S E R V E R

Sergey Stepanov

GM/CA CAT at Advanced Photon Source



What is X-ray Server?

Currently at:

http://sergey.gmca.aps.anl.gov
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X-ray Server is a public project operational at the APS since 1997 with 
the goals to explore novel network technologies for providing wide 
scientific community with access to personal research results, 
establishing scientific collaborations, and refining scientific software.

The Server provides Web-based access to a number of programs 
developed by the author in the field of X-ray diffraction and scattering. 
The software code operates directly on the Server available for use 
without downloading. Currently seven programs are accessible that 
have been used more than 90,000 times. 

Before was at:

http://sergey.bio.aps.anl.gov



This site has been online since 1997 and has served 90194 x-ray jobs
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571
jobs

BRL on the Web applies a novel algorithm to calculate multiple 
Bragg diffraction of x-rays including the cases of x-ray waves 
grazing along the crystal surface and Bragg angles at 90 degr.

7228
jobs

TRDS_SL on the Web calculates x-ray diffuse scattering from 
interface roughness. It implements several different models of 
roughness and can simulate effects of skew roughness transfer, 
dependence of interface-interface roughness correlations on lateral 
size of roughness and x-ray scattering from atomic steps.

8143
jobs

MAG_SL on the Web calculates x-ray resonant specular reflection 
from magnetic multilayers with interface roughness and transition 
layers. It can also supply wavefields for calculations of diffuse 
scattering from magnetic roughness.

9387
jobs

TER_SL on the Web calculates x-ray specular reflection from 
multilayers with interface roughness and transition layers. It uses a 
new recursive algorithm converging faster than the recursions by
Parratt.

22268
jobs

GID_SL on the Web calculates x-ray diffraction curves of strained 
crystals and multilayers for any Bragg-case diffraction with scans 
around arbitrary axis. It replaces Takagi-Taupin equations for 
extremely asymmetric and grazing incidence diffraction.

42597
jobs

X0h interpolates dielectric susceptibilities x0 and xh for some 
crystals and other materials in wide range of x-ray wavelengths 
with the option to compare data from different databases.
X0h-search is a tool to search for Bragg planes under various 
conditions.

Software available through X-ray Server



Server structure
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X0h_form
structure factors

interface

GID_sl
Bragg diffraction
from ML crystals

TER_sl
Specular reflection

from ML

BRL
Multiple Bragg diffraction 

from crystals

X0H structure factor
interpolation system

Recursive matrix 
solution for reflection 

from multilayers

X0P
Stereo Projections &

Bragg planes searches

TRDS_sl
Scattering from 

interface roughness in ML

MAG_sl
Reflection from

magnetic ML

ready
needs interface layer
task to be solved



How it works

GnuPlot.exe
(freeware)

Apache.exe
(freeware)

Zip.exe
(freeware)

GID_form.exe:
interface layer

Input
file

CGI
interface

Data file Data file

PNG
image

Zip file

HTML
results

X-Ray
client

X-Ray
Server

Web browser
on remote
computer

Windows computer
on my desk. Seamlessly

serves about 40 x-ray 
jobs per day 24*7

HTML form

HTML results

Data
file

GID_sl.exe: 
the Bragg curves 

calculation program
needs to be developed
research product (no extra work)
freeware (no extra work)

LEGEND:
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X0h calculates material susceptibilities χ0 and χh for x-ray wavelength range 
by interpolating data tabulated in the International Tables for X-ray 
Crystallography and several other tables. 
The highlight of X0h is the way it interpolates the dispersion corrections df'
and df“ [1]. The dispersion corrections are calculated with the formulae given 
by Don Cromer [Acta Crystallogr. vol.18 (1965) p.17-23]:

First, X0h applies the above equations to known tabulated dispersion 
corrections and evaluates gk. Then, it uses calculated gk to find the 
dispersion corrections of interest.

Once the χ0 and χh are found, X0h can fulfill a lot of useful service tasks like 
evaluating the HWFM of Bragg peaks, searching for Bragg reflections that 
satisfy certain conditions, and etc.

∑
=

=
SN

k
kkk NXPgdf

1
),('

∑
=

−−=
S

k

N

k

N
kkk XNgdf

1

1/)1(5.0" π

[1] O.M.Lugovskaya & S.A.Stepanov, (1991) Sov. Phys. Crystallogr. 36, 478-471.
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Web input form
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Example web results
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Web input form and results
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GID_sl (Grazing Incidence Diffraction from 
Superlattices) was originally developed for GID 
(Fig.1a) from multilayers, but then extended to 
arbitrary Bragg case including coplanar (Fig.1b) and 
non  coplanar asymmetric diffraction (Fig.1c).

The program can calculate Bragg diffraction from 
imperfect crystals with given profiles of normal 
lattice strains da(z)/a, dielectric susceptibilities χ0(z), 
χh(z), and interface roughness  height σ(z).

The advantage of GID_sl over most of other Bragg 
diffraction simulation software is that it takes into 
account specular reflection and refraction of X-rays 
at crystal surface and interfaces in multilayers. 
GID_sl implements a "discrete" algorithm, i.e. the 
crystal is subdivided onto "perfect" sublayers and 
the reflection from the whole stack is calculated with 
the help of (2x2) recursive matrix algorithm.

Replaces Takagi-Taupin equations for GID!

Background algorithm

S.A.Stepanov, E.A.Kondrashkina, R.Koehler, D.V.Novikov, G.Materlik, and S.M.Durbin, 

Phys. Rev. B, v.57, No 8, p. 4829-4841, (1998). X
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Web input form
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34.0 34.2 34.4 34.6 34.8 35.0 35.2

1E-7

1E-6

1E-5

1E-4

1E-3

0.01

0.1

1

Si/Ge

infn.it
Si (100), E=8keV
Symmetric Bragg diffraction , hkl=400
20 x (5A Ge + 20A Si, σ=2A)

Incidence Angle [degr]
30.5 31.0 31.5 32.0 32.5 33.0

1E-7

1E-6

1E-5

1E-4

1E-3

0.01

0.1

1

AlAs/InAs/GaAs

InP (100), E=8keV
Symmetric Bragg diffraction, hkl=400

R
ef

le
ct

iv
ity

psu.edu

Incidence Angle [degr]

-10 0 10 20 30 40
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

GID from Copper

R
ef

le
ct

iv
ity

siu.edu
Cu (100), E=8keV
GID , hkl=022

Scan Angle [sec]
-100 -50 0 50 100 150

1E-3

0.01

0.1

1

snu.ac.kr
ZnTe, 4 o off (111), E=8keV
Symmetric diffraction,Bragg-Laue
hkl=2-20

Scan Angle [sec]
0 5 10 15

1E-8

1E-7

1E-6

1E-5

1E-4

1E-3

0.01

0.1

1

GID from AlAs/GaAs

rice.edu
GaAs (100), E=8 keV
GID , hkl=022

Exit Angle [degr]

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
1E-8

1E-7

1E-6

1E-5

1E-4

1E-3

0.01

0.1

1

aist.go.jp

R
ef
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ct

iv
ity

GaAs (100), E=8keV 
Coplanar EAD , hkl=311
1 x (ZnS, t=1000A)

Incidence Angle [degr.]

Example web results
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TER_sl (Total External Reflection) software simulates X-ray specular reflection 
from multilayers with the account for interface roughness or transition layers. 

The advantage of TER_sl over the well know Parratt recursive technique is a faster 
convergence of recursions because TER_sl expresses the reflection from a stack 
of N layers through the reflectivity of (N-1) layers, while the Parratt technique 
expresses the reflectivity of N-th layer via that of the underlying (N-1)-th layer. 

кsΦ0Φ0
к0

Background model

S.A.Stepanov, E.A.Kondrashkina, R.Koehler, D.V.Novikov, G.Materlik, and S.M.Durbin, 

Phys. Rev. B, v.57, No 8, p. 4829-4841, (1998). X
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By-product of GID_sl -- same recursion algorithm !



Web form
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Example web results

0.0 0.5 1.0 1.5 2.0 2.5 3.0
1E-9

1E-8

1E-7

1E-6

1E-5

1E-4

1E-3

0.01

0.1

1

Oxide & cap layers 
can be included,
as well as different 
roughness of interfaces

siemens.de

E=8keV

Exit Angle [degr]

0 1 2 3
1E-10

1E-9

1E-8

1E-7

1E-6

1E-5

1E-4

1E-3

0.01

0.1

1

Substrate roughness effect

Quartz, σ=6A,
E=8keV

R
ef

le
ct

iv
ity

samsung.co.kr

Scan Angle [sec]
0 1 2 3 4 5

1E-8

1E-7

1E-6

1E-5

1E-4

1E-3

0.01

0.1

1

300 period;
roughness accounted

300 x (10A Co + 12A C) + Si, σ=2A
E=8keV

zeus.kharkiv.net

Scan Angle [sec]
0 2 4 6 8

1E-4

1E-3

0.01

0.1

1

10

100 period & low energy;
roughness accounted

E=1.5keV

aps.anl.gov

Exit Angle [degr]

60 65 70 75 80 85

1E-4

1E-3

0.01

0.1

1

Reflectevity at 90 o

iof.fhg.de
5A oxide ( σ

σ
=5) + 

100 x (11A Cr + 12A Sc) + Si,   =3A,
E=.28keV

Incidence Angle [degr]
0 1 2 3

1E-9

1E-8

1E-7

1E-6

1E-5

1E-4

1E-3

0.01

0.1

1

High interface roughness
destroys peaks

uni-muenchen.de

R
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σ=12A,
E=8keV
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Background algorithm

The MAG_sl program solves the problem of resonant X-ray reflectivity from 
magnetic multilayers. The major application of X-ray resonant magnetic 
scattering is to probe thin magnetic films and magnetic multilayers. This is a 
hot topic related to studying magnetic heads for computer hard drives. 
However, since in this case the media susceptibility is a tensor, the 
conventional Parratt technique for calculating X-ray specular reflection is not 
applicable. The problem is solved in MAG_sl applying a recursive algorithm for 
(2x2) scattering matrices similar to that of GID_sl.

circularly
polarized 
X-rays

кsΦ0Φ0
к0

magnetic field

S.Stepanov and S.Sinha, Phys. Rev. B, 61 (2000) 15302-15311.
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Web form
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0 1 2 3 4
10 -11

10 -10

10 -9

10 -8

10 -7

10 -6

10 -5

10 -4

10 -3

10 -2

10 -1

10 0

no magnetic resonance
Gd LIII edge resonance
Cross-scattering at LIII edge

Incidence angle (degr.)
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TRDS_sl (Total Reflection Diffuse Scattering from Superlatices) was developed 
for the simulations of X-ray diffuse scattering from interface roughness in 
multilayers (Fig.1). This program implement a number of different models for 
interface roughness and for correlations between roughness at different 
interfaces in multilayers (Fig.2). Notable is the implementation of the model 
allowing to study wavelength-dependent inheritance of roughness in layer-by-
layer grown multilayers (Fig.3).

Background algorithm - I

V.M.Kaganer, S.A.Stepanov & R.Koehler, (1995) Phys. Rev. B 52, 16369-16372.X
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Another notable models implemented in TRDS_sl are the X-ray scattering from 
atomic steps on vicinal interfaces and the scattering due to inclined roughness 
transfer in crystalline multilayers (Fig.4). Both of those effects provide asymmetry 
of x-ray diffuse scattering (Fig.5), but each of different kind.

Background algorithm - II

E.A.Kondrashkina, S.A.Stepanov, R.Opitz, M.Schmidbauer, R.Koehler, R.Hey, 
M.Wassermeier, and D.V.Novikov,

Phys. Rev. B, v.56, No 16, p. 10469-10482, (1997). 

Inclined
roughness 

transfer θ a to m ic

p la n e s

Fig.4. Asymmetric rougness of 
vicinal interfaces and skew 
roughness transfer in crystals.

Atomic steps
on vicinal
interfaces Miscut 

angle

[001]
surfaceN

alon g m iscu t

q  ( A  )-1
z

θ

0.140

0.145

0.150

-0.002 0.000 0.0020.000

experiment simulation

q  ( A  )-1
x

Fig.5. Simulations of inclined roughness
transfer in AlAs/GaAs superlattice.

X
O

R
 C

om
pu

te
r 

In
te

re
st

 G
ro

up
   

   
 2

00
4/

08
/1

9



Web form
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Example web results

0.0 0.5 1.0 1.5 2.0
1E-4

1E-3

0.01
rigaku.co.jp

30 x (40A Mo + 50A Si) + Silicon[ σ=3A],
∆σ (Mo)=5A,   (Si)=4A.∆σ

Frequency-dependent vert. correlation
(Spiller): L=1000, h=1, V=100A,

E=8keV

Incidence Angle [degr]

0 1 2 3 4 5 6

1E-6

1E-5

1E-4

1E-3

iisc.ernet.in

Partial vert. correlation (Ming)
L=150A,  h=.5, V=150A, 

E=8keV

Incidence Angle [degr]

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

1E-6

1E-5

1E-4

1E-3

0.01

0.1

978A Ag [ σσ=10A] + Quartz [=6A]

Replicated roughness model:

L=1000A, h=.08  

E=15keV

uni-duesseldorf.de
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BRL (Bragg/Laue) calculates multiple Bragg diffraction patterns with the algorithm 
based on the extended dynamical diffraction theory. 

Typically the calculations of multiple Bragg diffraction are reduced to the eigenvalue
problem for a 2N*2N scattering matrix. However, when the diffraction geometry 
involves grazing X-ray waves, the calculations are reduced to the eigenvalue
problem for 4N*4N scattering matrix [Colella, Acta Cryst. A30 (1974) 413]. 

BRL implements an algorithm where the calculations are reduced to a generalized
eigenvalue problem for 2(N+Ns)*2(N+Ns) scattering matrix where Ns is the number 
of grazing waves. Thus, if there are no grazing waves, the matrix size is 2N*2N and 
if all of the waves are grazing it becomes 4N*4N. In some cases the calculations are 
reduced dramatically.

Background algorithm

h1

h3

k0

O

k1

k3

k2

h2

S.Stepanov and A.Ulyanenkov, Acta Cryst. A50 (1994) 579-585.X
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Web form
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Example web results

Reflex ( 0 0 0 ) Reflex ( 8  -2 2 )

Some maps produced by 10-wave case calculations 

(Silicon,  λ= 0.6968004107A)

monash.edu.au
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philips.com

sony.com

hitachi.com

hrl.com

bede.com

anl.gov

bnl.gov

llnl.gov

nist.gov

lbl.gov

.us

.de

.fr

.ru

.jp

desy

esrf

spring8

aps

nsls

kfa-juelich.de

univ-poities.fr

crys.ras.ru

uni-linz.at

uni-essen.de

uni-mainz.de

monash-edu.au

ucsd.edu

uh.edu

wisc.edu

nwu.edu

columbia.edu

stanford.edu

umich.edu 5
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Some X-ray Server statistics
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Present server structure
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X0h_form
structure factors

interface

GID_sl
Bragg diffraction
from ML crystals

TER_sl
Specular reflection

from ML

BRL
Multiple Bragg diffraction 

from crystals

X0H structure factor
interpolation system

Recursive matrix 
solution for reflection 

from multilayers

X0P
Stereo Projections &

Bragg planes searches

TRDS_sl
Scattering from 

interface roughness in ML

MAG_sl
Reflection from

magnetic ML

ready
needs interface layer
task to be solved



X0h_form
structure factors

interface

GID_sl
Bragg diffraction
from ML crystals

TER_sl
Specular reflection

from ML

BRL
Multiple Bragg diffraction 

from crystals

ready
needs interface layer
task to be solved

X0H structure factor
interpolation system

Recursive matrix 
solution for reflection 

from multilayers

X0P
Stereo Projections &

Bragg planes searches

TRDS_sl
Scattering from 

interface roughness in ML

GIDS_sl
Scattering from 

lattice defects in ML

GIDP_sl
X-ray Bragg diffraction
standing waves in ML

MGDS_sl
Scattering from

Magnetic roughness

Fitting

3rd party 
Software

(e.g. XOP)

MAG_sl
Reflection from

magnetic ML
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Conclusions

We have given 7-years test to a new technology of 

sharing research results. It was proven to be:

• Complimentary to a scientific publication

• Reaching wide audience with small extra effort

• Great for refining scientific software

• Helping to establish new collaborations

• Beneficial for scientific community
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